Findings confirm previous research indicating the original CES-D (with the exception of the French version) does not fit the Rasch model. The short-form also misfit in the UK and Germany suggesting that this version is not standard across countries.
Rasch is a valuable tool for establishing the cross-cultural comparability of PROs. There was significant country-related DIF associated with both the original and short-form scale suggesting it is not safe to pool or compare CES-D data from these countries. DIF may be overcome by 'splitting' items. An optimal CES-D may contain different items in different countries.
Finally, the inclusion of both positively and negatively worded items in a PRO should be avoided as it may introduce bias. It comprises 20 (16 negative, 4 positive) statements relating to depression and has frequency-based four-point response options. The total score is the sum of item scores (reversed for positive items) and ranges 0 -60.
The study aim was to examine whether CES-D data (original and the Rasch-derived, 10-item short-form [2] ) fit the Rasch model (oneparameter logistic item response theory) in several countries and whether data collected from these countries could validly be pooled.
Methodology
Previously collected CES-D data were available from depressed individuals in the UK (n= 177), US (n=100), Germany (n=78), and France (n=124). Data were subjected to Rasch analysis [3] using RUMM [4] . Analyses included:
Test of fit to the Rasch model via Chi 2 statistics (overall scale and item fit). Significant Chi 2 (p<0.001) indicates significant deviation from model expectations and lack of unidimensionality (indicating items should not be summed).
Evaluation of response category threshold order and residuals.
Assessment of differential item functioning (DIF) [5] between countries. DIF indicates a difference in the response pattern between groups (countries) and it is not valid to combine data from these groups. Tests of DIF were made using ANOVA models. P values <0.001 were taken to indicate significant Chi 2 and ANOVA for DIF because of the number of tests conducted. P values < 0.01 and > 0.001 were taken to indicate borderline significance. 
Results

Original CES-D
Rasch analysis of the individual country data showed that the CES-D did not fit the model in the UK or Germany and exhibited borderline misfit in the US. Details are included in Table 1 .
A number of items misfit or had high residuals. Many items also had reversed thresholds meaning that the response options do not work in logical way. Figure 1 is The category probability curves for most items with reverse thresholds indicate that response options 2 and 3 (Some/little of the time and Occasionally/moderate amount of time) should be combined (for example, see Figure 2 : item 9 for the UK). 
CES-D short-form
The Rasch-derived short-form of the CES-D misfit the Rasch model in the UK and Germany (1 item misfit and 1 borderline misfit in each country) and when the data were pooled. However, the scale fit in France and the US with no item misfit.
Reversed thresholds were observed in all countries suggesting that rescoring (not item reduction alone) is required.
DIF by country was reduced but still significant (items 4, 8, 10, 15) in the short-form.
Data from the different countries were combined and Rasch analysed. The combined data did not fit the Rasch model (Chi 2 = 0.000; item fit mean = 0.59, SD 2.95; Person fit mean = -0.24, SD 1.58).
Five items (items 3, 4, 6, 11, 18) exhibited misfit and another two (items 2 and 15) borderline misfit. DIF by country was found in a number of items (4, 6, 8, 10, 12, 13, 14, 15) .
Positively worded items seemed to be problematic. Figures 3 and 4 show DIF by country for item 4 and 12, (both positive items), respectively. In these cases the US patients score lower (after score reversed) than patients in other countries, while German patients score higher.
DIF between the US and European countries (5 Items with UK, 5 items with Germany, 4 items with France) appeared to be more marked than between European countries (UK-Germany, 1 item; UK-France, 2 items; Germany-France 3 items).
